INTRODUCTION 1
Chemosensory systems are specialized regulatory pathways that allow bacteria to perceive 2 their external environment and respond with various cellular behaviors (Sourjik and Berg, Genetic data show that FrzB is upstream of FrzCD in the Frz regulatory pathway. We, thus, 1 wanted to verify if FrzB could interact with FrzE. For this, we performed bacterial two--hybrid 2 protein--protein interaction assays. As expected, both FrzA and FrzB interacted with FrzCD as 3 well as with the FrzCD signaling domain alone (FrzCD SD ). On the other hand, only FrzA but 4 not FrzB interacted with the FrzE--P5 domain (FrzE P5 ) (Fig. 3A) . Neither FrzA nor FrzB could 5 interact with the FrzCD N--terminal domain (Fig. 3A) . the other hand and consistently with the two--hybrid system results, FrzB is predicted to 19 contain all the hydrophobic amino acids involved in its interaction with FrzCD (Fig. 3D) . 20
To verify if the lack of the FrzE interacting region in FrzB was directly associated with the loss 21 of the FrzB--FrzE interaction, we designed a chimeric FrzB protein carrying the β--barrels 4 and 22 5 from FrzA ). First, we tested if purified FrzB β4--β5 was able to replace FrzA in our 23
FrzE
CheA phosphorylation in vitro assay. Strikingly, when FrzB β4--β5 was the only CheW in the 24 reaction mixture, it promoted the FrzE CheA phosphorylation similarly to FrzA, thus acting as a 1 CheW (Fig.  3B) Figure  S1A ) and the resulting strain had phenotypes and 7 reversal frequencies similar to those of ΔfrzB both in the presence and in the absence of IAA 8 (Fig.  2) Figure  S1A ). When we measured the reversal frequencies of cells of this strain, 20 they showed a significantly higher number of reversals per hour as compared to wild type 21 (Fig. 4A) . Increased reversals also prevented cells from producing a net swarming at the 22 colony level and fruiting bodies analogously to a constitutively active Frz mutant (frzCD c ) 23 (compare Fig. 4B and Fig. 2B ).
To check if this effect was specific of FrzB, we constructed a strain overexpressing FrzA 1 (Supporting Information Figure S1B ). This strain had wild type reversal frequencies and 2 colony phenotypes (Fig. 4) . In light of these results, we propose that FrzB might be an 3 activator of the Frz system acting directly on the FrzCD receptor. clusters, we constructed a mCherry--frzB fusion that replaced frzB at the endogenous locus 9
and encoded a functional protein (Supporting Information Figure S1 and Supporting 10
Information Figure S2 ). mCherry--FrzB formed multiple--nucleoid associated clusters that 11 resembled those formed by FrzCD--GFP and FrzE--mCherry ( We can imagine that FrzB forms this kind of rings whose function could be to ensure array 15 activation and stability (Fig. 1) . Indeed, for the correct activation and stabilization of 16 chemosensory arrays at the nucleoid an extra stabilizing factor might be required. Such 17 stabilizing factor would be dispensable when receptors arrays are tightly embedded in the 18 inner membrane. A case analogous to the one proposed is represented by the V. cholerae 19 cytoplasmic chemotaxis cluster 1, whose stabilization is guarantied by the presence of an 20 additional signaling domain in its DosM receptor (Briegel et al., 2016) . 21
Interestingly, the FrzCD receptor does not contain an obvious signal--binding domain. 
EXPERIMENTAL PROCEDURES 1

Bacterial strains, plasmids and growth 2
Strains and plasmids are listed in Table 1 and 2, respectively. M. xanthus strains were grown 3 at 32°C in CYE rich media as previously described. 4
Plasmids were introduced into
M. xanthus cells by electroporation. Deletions and GFP 5 fusions were inserted in frame, using the pBJ113 or pBJ114 vectors, to avoid polar effects on 6 the downstream gene expression (Bustamante et al., 2004; Moine et al., 2014). 7 Strains EM538 and EM539 were obtained by deleting frzA from codon 15 to 145 and frzB 8 from codon 11 to 92, respectively. In both strains we also deleted frzCD from codon 6 to 9
10
To construct plasmid pEM399 to generate EM515, a DNA fragment was generated by PCR 11 overlapping a DNA region amplified with primers CCCAAGCTTCTTCAGCTCGAGGCTGGCAA 12 and TGCCCCTTGCTCACCATCTCCTCCTCCTTCTCATGGAA and mCherry amplified with primers 13 GGGAATTCTCACCGCGCCACCGCCCGCTG. The PCR products were then digested with KpnI 7
CATGAGAAGGAGGAGGAGATGGTGAGCAAGGGCGAGGA
and EcoRI and cloned it in pJV101 previously digested with the same enzymes.
9
Escherichia coli cells were grown under standard laboratory conditions in Luria--Bertani broth 10 supplemented with antibiotics if necessary. 11
For swarming and fruiting body assays, cells (5 µl) at a concentration of 5×10 9 cfu ml −1 were 12 spotted on CYE or CF (for fruiting body formation) agar plates and incubated at 32°C and 13 photographed after respectively 48h or 72h with an Olympus SZ61 binocular stereoscope. 14 15 http://imagej.nih.gov/ij/, 1997--2012) and FIJI as previously described (Guzzo et al., 2015) . 21
Reversal frequencies
The reversal frequencies distributions were obtained with the R software (https://www.r--22
project.org/). Statistical significance was obtained with a Wilcox Test from R. 23
Bacterial two--hybrid experiments 1
Bacterial two--hybrid experiments were performed on plates as previously described (Moine 2 et al., 2014) and as recommended by the manufacturer instructions (Euromedex). Fig. 3C showing thelowest energy model was generated with pymol (http://pymol.org). Fig.  3D  was  generated  1 with ESPript web server (Gouet et al., 2003) .
3
Fluorescence microscopy and image analysis 4
For fluorescence microscopy analyses, 5 ml of cells from 4 x 10 8 cfu ml --1 vegetative CYE 5 cultures were spotted on a thin fresh TPM agar pad at the top a slide (Mignot et al., 2005) . A 6 cover slip was added immediately on the top of the pad, and the obtained slide was 7
analyzed by microscopy using a Nikon Eclipse TE2000 E PFS inverted epifluorescence 8 microscope (100 x oil objective NA 1. To study the colocalization with the DNA, the TPM agar pads were supplied with 1µg ml --1 10 DAPI stain. FrzB clusters, nucleoid areas and cell areas were automatically detected and 11 verified manually with the "MicrobeJ" Fiji/ImageJ plugin created by A. Ducret, Brun Lab 12 (http://www.indiana.edu/~microbej/index.html). All data plots and statistical tests were 13 obtained with the R software (https://www.r--project.org/). 14 15
In vitro autophosphorylation assay 16
In vitro phosphorylation assays were performed with E. coli purified recombinant proteins. 
